group, all the dogs were subjected to the gastric freezing and a standard experimental gastric ulcer was created afterwards at the varying intervals of 1, 3 and 6 months respectively.
Control dogs were subjected to the ulcer operation only. Three weeks postoperatively the dogs were sacrificed and the healing of ulcer was studied.
Initially, experimentally produced gastric ulcers showed a tendency of healing due to the depression in acid peptic power of the gastric juice. This, however, was followed by the gradual increase of perforation and persistent ulceration when observed up to 6 months following the date of the gastric freeze. These observations lead to conclusion that although the gastric acid pepsin secretion is temporarily depressed by gastric freezing, its return to the control level can be expected with the lapse of time. Problems of gastric freezing technique were also discussed. The aim of the present experiment is to determine whether the gastric freezing depresses the acid peptic power of the stomach, thus promoting the healing of an experimentally produced gastric ulcer. The basis of the experi ment arose out of our previous study in the management of duodenal perfo ration by the use of onlay jejunal patch.4 In this instance the jejunal serosa , of the patch graft regularly became covered by proliferating duodenal mucosa4 but when the jejunal patch was applied to a full thickness defect of the stomach, the majority of cases showed a perforation as an evidence of acid peptic activity.
At the present time, although the exact pathogenesis of gastroduodenal ulcers is not yet clear, it is our general belief that the gastroduodenal ulceration is promoted due to acid peptic autodigestion. The present study deals with the change of the acid peptic power follow ing gastric freeze, which as a whole determines the fate of an experimentally produced gastric ulcer.
METHOD
Initially, gastric freezing was carried out in all dogs except in the control group; then the standard size defect was created on the anterior wall of the body of the stomach at varying intervals after the freeze, namely 1, 3 and 6 months respectively, the jejunal patch graft was applied and the healing was studied (Fig. 1) . If the gastric freezing were truly to depress the acid peptic secretion of the stomach we would expect the majority of the experimental ulcers to heal. A standard stomach shaped latex balloon, with an esophageal portion of which was shortened, was secured to the end of the outer tube by # 00 silk ligature.
Although the original inner tube was used initially, many incidences of necrosis and perforation were seen on the anterior wall of the stomach along the greater curva ture and later a modified inner tube which has fewer holes facing the greater curva ture was employed.
Since then, the incidence of post-freezing complication could almost be abolished. This will be discussed later. 
Introduction and Placement of the Gastric Balloon
A small midline abdominal incision was made prior to the introduction of the balloon so that the correlation between the inflated balloon and the stomach could be examined later with fingers inserted through the incision.
The introduction of the balloon and attached tubing system was done as was previously described by Peter et al. 2 The double lumen tube was intussus cepted into the balloon, flap portion of the balloon was wrapped around the tube, lubricated with surgical jelly and was introduced into the stomach with the dog in semi-Fowler position. Then the dog was placed on its right side and balloon was filled very slowly with approximately 300 ml of coolant. Ninety-five per cent of alcohol was used as a coolant. The tube was pulled out until a slight resistance was encountered. The table was then changed from the semi-Fowler to the Trendelenburg position and the balloon was inflated with 450 to 800 ml of total coolant capacity according to the size of the dog. Gastric contents as well as the remaining air was evacuated and the Levine tube was removed .
In the latter half of this experiment, a thermocouple was introduced together with the balloon and was placed between the balloon and corpus mucosa of the stomach alongside the greater curvature to measure the temperature of the place.5
The position of the dog was then changed to supine and the table was replaced to the horizontal position.
When the introduction and the placement of the balloon was done properly as described above, digital correction of the position of the balloon was not necessary in the majority of cases. However, the thermocouple had to be frequently replaced during this procedure.
Gastric Freezing
As soon as the balloon was filled and its position examined, circulation was started. The dog was covered with a hot water pad so as to prevent the fall of body temperature. Readings from the thermocouple placed between balloon and mucosa of the stomach (T.B.M.),5 inflow and outflow temperature as well as rectal temperature were recorded every 5 minutes. Fig. 2 shows the frozen stomach. In this case, the abdominal incision line was extended to visualize the entire stomach.
Total freezing time was between 45 and 60 minutes depending upon the temperature reading of the thermocouple in the latter half of the experiment.
When the thermocouple was not used the duration of the freeze was determined by In.the actual freeze. however, anterior wall of the stomach was covered by the abdominal wall, thus lessened the cooling efficiency due to the heat conduction from the anterior gastric wall to the abdominal wall. afterward, all the dogs were subjected to the operation as described below.
Under Nembutal anesthesia, the abdomen was entered through a midline abdominal incision. Using a cork borer, a full thickness defect of 2.5 cm diameter was created on the anterior wall of the body of the stomach adjacent to the antral border and alongside the greater curvature ( Fig. 1-A) . To seal this defect, a loop of jejunum was brought up keeping enough distance front the ligament of Treitz and using 000 chromic catgut, a Connell type suture was started tacking the seromuscular layer of the jejunum around the edge of the defect (Fig. 1-C) . The suture line was again secured by means of interrupted 5-0 silk Lembert sutures. Fig. 1-B shows the completion of this procedure.
Care was taken to maintain the jejunal continuity. Often few additional sutures were necessary to prevent kinking of the elevated jejunal loop. Thus a standard size of a gastric ulcer was produced with its ulcer base consisting of the jejunal serosa, which is very sensitive to the acid peptic power.
Postoperatively the dogs were kept on meat and milk diet for 3 weeks and then were sacrificed for histological study.
Control dogs were subjected to this operation only without the preceding gastric freeze. In the remaining dogs, gastric freezing was done first, and then 11 dogs were operated upon 1 month after the gastric freeze, 8 dogs were operated upon 3 months after the freeze and 10 dogs were operated upon 6 months after the freeze, respectively.
Histamine stimulation of the gastric secretion
Ten control and a total of 15 frozen dogs were given intramuscular injection of 50 mg of histamine dichloride in beeswax to augment the continuous gastric secretion. A daily injection was started on the first postoperative day and was continued for 3 weeks until the date of sacrifice. Among the non-histamine group, there was 61 per cent (8/13) perforation in Fig. 4 . Picture of the perforated ucler. The dog was sacrificed 6 months after the freeze. The dog was given daily histamine injection for 3 weeks. (Table I) . These results in dicate an initial depression of gastric digestive power followed by a progressive recovery. In the beginning of our study, when the original inner tube which came The dog expired 6 days after the freeze.
RESULTS
from the manufacturer was used, incidence of necrosis, perforation, or muscosal ulceration was often seen; and several dogs expired. Fig. 6 shows a typical example of the partially necrotized stomach followed by a perforation.
This, it was later understood, was due to the close location of the inner tube with its jet streams of coolant striking the gastric wall alongside the greater curvature and the anterior wall of the corpus where the freezing efficiency was greater owing to relatively less thermal conductivity to the adjacent organs or tissues.
To eliminate these hazardous complications, a modified inner tube was made. Regarding the fact that most of the time the inner tube was located close to the greater curvature, fewer holes were made, which eject the coolant toward the greater curvature, and more holes were placed superiorly so that the better uniform cooling effect could be obtained. Thus, the incidence of necrosis or perforation cool bed nearly eliminated, although the cooling effect of the antral mucosa was less . Reviewing the data obtained from the present study, it has become clear that the acid peptic power returns progressively after the freeze. This is shown by the gradual rise of the perforation rate from 20 per cent up to 40 per cent during the period of 6 months, although it did not reach the control level of 61 per cent ( Table I ). 
